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Ii.:. Forest Products Laboratory

A :;ummar:, of modulus of elasticity and knot size

surveys for laminating grades of lumber, by P. W. Wolfe

and R. C. Moody, Madison, Wis., FFL 1981.

2p p. (NODA For. Serv. Gen. Tech. Rep. FPL-3l).

A summary of modulus of elasticity (MJE) and knot

data is presented for grades of lumber comnonly used to

manufacture glued-laminated (glulam) timber by laminating

industry, statistical estimates of average and near

maximum knot. sizes as well as mean and coefficient of

variation for MOE are given. MOE values are compared
with those published for design.

Keywords: glulam, modulus of elasticity, knot,

continuous lumber tester (CLT), E-computer.
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For many years, USDA Technical bulletin No. 1009 (OP Most glulam timber used in the United States is m
has provided the basis for the manufacture and design of either Douglas-fir or southern pine lumber. In addi-
of glued-laminaled (glulamn) timber. ASTM Standard D tion, the hem-fir grouping of lumber also provides a
3737 (S), incorporates many of the conceptl for significant vo u e of material. Thus, the primary em-
eilftling treeses from Technical Sulletin No. 1080. phasis of this report will be on these three species
as well s significant modifications in many aes groups. However, where significant amounts of lumber
where new data are available. With ASTM 0 3737, bend- from other species groups were used in a research
ing stresses for giulam combinations can be deter- study of glulam timber, they are also listed in appendix
mined by using the lumber properties which are a clear II. Further details of the material for each study are
wood deeig elss In bending for the species, and given in appendix I.
both modulus of elasticity (MOE) and knot properties
for the grade. Clear wood design stres values for eO ds Of 0ete111m1111 Prpelee
several species are listed in ATM 03737 and pro-
cedr for obtainIng the" stresse s for other species Different techniques were used to measure MOE and
we also given. The other two factors, MOE and knot knot sizes In the many different sources of data. Also.
properties. may be obtained fron surveys on lumber techniques used to measure moisture content and
use for laminating. The purpose of this report Is to specific gravity, two properties which we helpful in in-
summarie MOE and knot data from lumber that was a terpreting MOE di. often differed.
part of reeearch studies conducted between 1963 and
1079. Such data will be helpful In establishing me"" of !1as1t (M"OI)
specifications for glultam timber. Methods used to obtain MOE data may be pilced in

two general categories- machine measurement and
Maintained at Madison. Wis. in cooperation with the Univer- static lest. The methods used to meaisure MOE values

aIhatalleld nuntos in parentheses refer to literature cited t fo moat of the lumber were techniques which mini-
end of tis repor, mied the Influence of sheer deflections.) *



Maebd-- Meaewe -The two MOE measuring estimate of knot prope(ie. More details on the sW4-
methods used included the E-computer and the con- Ing procedures wte given In appendix I.
tinuous lumber tester (CLT). The E-computer bases the
MOE determination on the natural frequency of vibra- Noietu Ced"
tion of a piece tested flatwise over a span of nearly Its Field measurements of moisture content were me us-
full length. The CLT is a commercial stress-gading ng commercial moisture WerS which rely on the
machine which classifies lumber into different MOE change in the electrical propertie of wood with &
categories based on both minimum and average MOE change In moisture content.
measured over a short span at increments along the
length. It does not give specific data for each piece; Deomlseiemo ef Speelf lsorul
and no specific MOE data were obtained by the CLT. In many cases, specific gravity was estimated based on
Thus all data for machine measurement of MOE are the approximate ovendry weight and volume at time of
from an E-computer. test. Howeve, in some cases sampes were taken for

specific gravity determination by methods described inStatic TeeL-Variations in methods of measuring MOE ASTM D 2266 (2).

by static test make the comparison of different data

difficult. In some of the data sources included in this Analysis Teee rlkos
btudy, the MOE measurements were made by applying Thlty separate Studies were reviewed to obtain the
a concentrated load near the center of a Span between MOE and knot date tabulated in appendix II. An at-
two simple supports and measuring the displacement. tempt was made to comaere these studies on a com-
Conventional engineering analysis was then used to mon baseis in order to deriv distribution parameters
determine MOE. In other cases, the slope of the linear which are representative of the population.
portion of the load-deflection curve was determined for
a static test to failure. Variations in specimen orienta- MsguasI of astielY
tion and span-to-depth ratio may also lead to problems Values for mean and coefficient of variation (COV) for
in comparing data from different sources. Thus, MOE were obtained from 18 of the studies reviewed. In
although data are included, caution is advised in using each case, values were adjusted to 12 percent moisture
it for comparison purposes. content using procedures given in ASTM D 2915(4). If

individual values of MOE and moisture content were
KI esewimmmt Metheds available, a new COV was derived for the 12 percent
Four different techniques have been used to measure values, otherwise, COV was assumed to be unchanged.
knot sizes. These techniques are referred to as the No aduastments were made lor ditterences in Span-
displacement, worst face, random surface, arid depth ratio.
welghted surface methods.

Douglas-fir and Southern pine were the only species for
oelece I efMefhled-The method most commonly which the number of studies, consisting of over 70

used for recent knot surveys conducted by the FPL has lest, were sufficient to warrant statistical considers-
been termed the displacement technique. It involves tion in the derivation of representative values for mean,
measuring a knot's width (dimension parallel to the COV, and a 90 percent confidence range on the mean.
width of the lumber) on both faces of a piece of lumber
and taking an average value as an estimate of the pro- Knet Sbus
lected are occupied by the knot. Knot data were reported in the form of knot mae

listing coordinates for each knot in each pleo of
WstW Pase WONts .- The worst face method records lumber. The three coordinates Included the distance
the largest width for a given knot or the width on the from a zero end to the center of the knot and distances
bark side of the piece. from a zero edge to the top and bottom borders of the

knot. A compute program, which followed procedures
landau 8wlfee US1dit-The worst face method given in USDA Technical Bulletin No. 100, was used to
adds a bias to the high side of knot-size data. By alter- Interpret these knot maps. The program asumed all
nating bark side-pith side or randomly selecting the sur- knots to be cylindrical in shape with a diameter equal
face on which knots are to be measured, this bias may to the knot width and a iength equal and perale to the
be decreased or possibly eliminated, lumber thickness. Knot areas (length x with) In eaoh

1 -foot interval were projected onto the lumber crose
W sfee s M d-This method is so~imes Section (fig. 1). The lumber cross section area occupied
used on lumber designated for beam manufacture. Knot by projected knots was then stored as the "Sum of
diameters are measured on the surface of the lamina- knots." This summation was calculated for 1-foot inter-
tion which will be farthest from the neutral axis of the vals taken at 0.2-foot Increments along the length. Inter-
bam. It likely corresponds closely with the random vals measured within the lost foot of each plaes
surface method. overlapped the first foot so that the full length of eac

piece of lumber was included.
Two of the studies noted in appendix II (sources 23 and
24) wars designed to obtain knot date on grades of The computer program detemlvned the total number of
lumber used in laminating and thus repreeent the best 1-foot sections for various sums of knot Sie and
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lion for v'suel grades and tables 0i4 So 04. prshent
kinot distribution data for listed or machine-stress.

# rated 06111) lumber.

Pip"r I Asm rs-etfe mo osi AI Average MOE for the 4 grades of Douglas-fir (table 1)
Oftivel of ywt dspen ommilode on - of the exceeds the long spani dsgn value by between 2 and
revo. 12 percent. The average MOE of the southern pine

a MG lumber was close to the desin values. with 3 of the 4
grades averaging within 2 percent of the long span

a litin of he uftr ofI-lol ectins ith design value. The fourth group of southern pies. No. 2
preee ano litng Thf the um of k-fot sectios wih MG grads. was?7 percent lees than the desin value.
esfti ,w fnor 5.the aerosages Also fro kn tisw The expected trend for decreasing MOE With decreas-
deterine fr he. cmlva iriuious fuds.Asonctis wee Ing grades Is apparent but there appears to be no of -
listin o oma data, cum lat er nra distributinfntoswr fect of grade on the coefficient of variation in MOE.

tion appears liner on such graph paper and previous The value of the aveage projected knot size for
data hew agreed reasonably well with a truncated nor. Douglas-fIr laminating grades of lumber, reported in
ma dstributin. The point corresponding to the 112 per- table 2. is essentially the same as that reported in the
oeM upper a=fsieon limit (0-911 percnItile) provided an last major study of knot sizes (source 1, appendix I).
estimate of the nearmaimum sum of knot sizes for However, corresponding values for southern pine are
woo grade. slightly larger for the No. 1 grade and significantly

larger for No. 2 (7). This is probably due to interim
Dat Pm emeat changes in the grade descriptions. In both cases,

statistically determined near-maximum or upper-
Tables I and 2 summarize the most s~gnificant MOE exclusion vaiues have increased.
and knot data from surey* covered in this study. Also
shown in table I are the lon span design values for Knot sizes for the joist and plank grades of Douglas-fir
various grades published by the American Institute of were expected to be comparable to those of the
Timber Construction (AITC) that were used as a basis laminating grades (8. 9) on the basis of maximum knots
for their 1979 specifications, permitted in the two grading systems. Select structural

(88) had smaller knots than LI; No. 1 and No. 2 are
Data pisented in table 2 were taken from two knot similar to 1.2; and No. 3 is similar to L3. There was only
surveys (sources 23 and 24 listed in appendix 11). & small1 dillerence batween No. I and No. 2 which

would question the advisability of using both grades.
Values obtained from individual studies are tabulated Rather, No. 2 could contain both grades with little ef-
in appendix If. Tables li-1 through 11-3 contain informs- fact on the beam properties.

Tabl .-bumsV of ma*Ams ltait data fer sampls of Oeulas-fr and seuthierni pine ooseftin mre Ithan 70 plese"

onn*W o coomihm 9 u m- Leftiastlelyo

Grf ss oNno oI'fd na valuses used menfa
Susiettk @Iba Ltln as" basis "aWsa

inenPat willie.

DOUGLAS-FIR

LI I,934 2.23 17.5 2. 18-2.30 2.1 1.06
LRD 302.13 19.4 1.962.31 1.9 1.12
L2 1,108 1.13 15.8 1.74-1.92 1.8 1.02
L3 2.273 1.ee 20.2 1.661-72 1.6 1.05

SOUJTHERN PINE

Mo. tO 571 1.96 16.2 1.85-2-06 2.0 .96
no. Ime 301 1583 21.7 1.63-2.03 1.8 1.02
No. 20 1.13 176 16.9 1.711.81 1.8 356
No. 2MG 2.386 1.40 22.4 1.27-1-53 1.5 .93

Aln data adjusedi to 1 pet mioisture content with ASTM 0 2915.
Ceefficient of variation a staoidard deviationinmen.
aPublishei by the5 Amierican Institute of Timber Construction. Determination of Dsign Values for tructural Glued Laminated

T~,er AIC 117-79, table 4-1.
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Pot Pot Pot

DOUGLAS-FiR LAMINATING GRADES BY DENSITY CLASSIFICATION

LIC 2.70 7.4 3.8 32.4
LI (dense) 2.910 6.4 36.7 32.3
13M 2.0 11.0 50.2 39.2
1.2 2.90 9.5 46.7 37.2
13 2,940 11.6 56.0 46.4

OOUGLAS-FIR GRADES COMBINED DISREGARONG DENSITY

LI 5,730 6.9 39.3 32.4
1.2 5.910 10.3 46.4 38.1

DOUGLAS-FIR JOISTS AND PLANK GRADE

s 4.150 5.6 36.3 30.7
N1 4,300 9.6 47.1 37.3
N2 4,300 10.8 51.6 40.7
N3 4,150 10.4 58.7 46.3

SOUTHERN PINE GRADES BY DENSITY CLASSIFICATION

No. 1MG 2,730 3.4 38.0 34.6
No. 10 2.60 3.2 31.6 28.4
No. 2MG 2,600 7.7 43.4 35.7
No. 2D 2,620 8.1 52.0 43.9

SOUTHERN PINE GRADES COMBINED DISREGARDING DENSITY

No. 1 5,420 3.3 35.6 32.3
No. 2 5,220 7.9 51.5 43.6

Data from sources 23 and 24 listed in appendix II.
Difference between the near-maximum and average sum of knot sizes.

Literature Cited 6. Frees, A. D., and M. L. Selbo.
1954. Fabrication and design of glued-laminated

1. American Society for Testing and Materials. wood structural members. USDA Tech. Bull. No.
1978. Standard static tests of timbers in structural 1069.
sizes. ASTM D 196. Philadelphia, Pa.

7. Southern Pine Inspection Bureau.
2. American Society for Testing and Materials. 1970. Standard grading rules for southern pine

1978. Standard specific gravity of wood and wood lumber. SPIB- Pensacola, Fla.
base materials. ASTM D 2395. Philadelphia, Pa.

8. West Coast Lumber Inspection Bureau.
3. American Society for Testing and Materials. 1970. Standard grading rules for west coast lumber

1978. Standard establishing clear wood strength WCLIB-Portland, Oreg.
values. ASTM D 2555. Philadelphia, Pa.

9. Western Wood Products Association.
4. American Society for Testing and Materials. 1972. Grading rules for western lumber. 2nd ad.

1978. Standard evaluating allowable properties for WWPA, Portland, Oreg.
grades of structural lumber. ASTM D 2915.
Philadelphia, Pa.

5. American Society for Testing and Materials.
1976. Standard establishing stresses for structural
glued-laminated (glulam) manufactured from visual-
ly graded lumber. ASTM D 3737. Philadelphia, Pa.
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APPENDIX I

Sase o Date pine dimension lumber. U.S. Dep. Agric. For. Serv.
Res. Pap. FPL 84. For. Prod. Lab., Madison, Wis.

This appendix provides a reference to data sources
cited in appendix II. The sources are listed in Doyle D. V.
chronological order along with a brief description of the 1968. Properties of No. 2 dense kiln-dried southern pine
data collected. The primary listings following each dimension lumber. USDA For. Serv. Res. Pap. FPL 96.
source number Identify the species of lumber con- For. Prod. Lab., Madison, Wis.
sidered in the study. If the research results which pro-
duced the data are available in the form of a published These 3 studies included modulus of elasticity (MOE)
report, a complete reference is also provided. For those data for over 1,500 pieces of southern pine lumber ob-
sources labeled unpublished, the raw data are on file at tained from mills in the 10 major southern pine produc-
the Forest Products Laboratory. Ing states. All lumber was graded as No. 1, No. 2, or

No. 3 according to the 1963 SPIB rules. Lumber sizes
Source 1: Early FPL-Industry Surveys included 2 by 4, 2 by 8, and 2 by 10. Modulus of

elasticity values determined by bending test, tension
Knot data were collected for Douglas-fir and southern test, or compression test are included.
associations in the United States. These data, although The edgewise static bending test for determination of

never published, were used in preparing specifications edge MOE, followed the ASTM standard D-198 (1) with
for glued-laminated timber prior to 1976. provision for buckling restraint. Flatwise bending stiff-

ness was determined by applying weights at two points
Little information is available regarding sample sizes, and measuring the increase In deflection. For the com-
methods of selection or knot measuring technique for pression MOE measurement, special methods were us-
these surveys. Information on file at FPL suggests that, ed to prevent buckling. Deformation was measured with
in early surveys, industry representatives measured the dial gages over a gage length equal to the nominal
widths of knots on the worst face, i.e., maximum length of the specimen minus 6 inches.
dimension. Conversation with a representative who par- Knot size data from these studies were not included.
ticipated in one survey indicated that the random sur-
face method was also used, i.e., the widths of knots Source 6: Canadian Douglas-fir
were measured on the bark side of one piece and the Littleford, T. W.
pith side of the next. 1967. Tensile strength and modulus of elasticity of

Source 2: Canadian Western Hemlock machine graded 2 by 6 Douglas-fir. West. For. Prod.

Littleford, T. W. Lab. of Can. VP-X-12.
1983. Knot frequency study of laminating grades for This lumber sample consisted of 320 pieces of 2 by 6

western hemlock. Canada Dep. of For. Publ. No. lumber comprising 5 Canadian visual grades.
1009.

Knot data wee collected for four Canadian laminating Lumber was obtained from three sawmills and one

grades of western hemlock. The total sample of 360 laminating plant in British Columbia. Four visual

pieces was collected from four large west coast saw grades were regraded on a CLT-1 mechanical stress-
mills and Included 90 pieces of each grade (A, B, C, grading machine using 1965 WWPA rules. Modulus of

and D). For each grade, 45 pieces were of nominal 2 x 6 elasticity in flexure was determined by loading at 1/5

and 45 were 2 x 10. The knots were measured using the points over a span of 115.5 inches. Modulus of elastici-
"displacement technique" and sizes were recorded to ty in tension was determined by measuring tensile

the nearest 114 inch. deformation over a 108-inch gage length.

Knot size data from this study were not included.Sources 3-5: Southern Pine Lumber Studies

Doyle, D. V., and L. J. Markwardt. Source 7: FPL Beam Study 1969
196. Properties of southern pine In relation to strength Bohannan, B., and R. C. Moody

grading of dimension lumber. U.S. Dep. Agric. For. 1969. Large glued-laminated timber beams with two
Serv. Res. Pap. FPL 64. For. Prod. Lab., Madison, grades of tension laminations. USDA For. Serv. Res.
Wis. Pap. FPL 113. For. Prod. Lab., Madison, Wis.

Doyle, D. V., and L J. Markwardt. Two by 6 lumber for this study was in 2 species
1967. Tension parallel-to-grain propertls of southern groups-coast region Douglas-fir and southern pine.
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Douglas-fir was purchased in the Portland, Oregon area southern pine was obtained from shipments by two dif-
and was selected from production of a laminating plant ferent suppliers at a laminating plant and represented
over a 5 consecutive-day period. The southern pine two different states.
lumber was obtained from five different lumber
shipments received by a commercial laminating plant- Each piece of lumber was regraded, weighed, and
sources represented four suppliers in several different checked for moisture content. No modulus of elasticity
states throughout the South. data are collected for the lumber. After finger jointing,

each lamination was mapped for knot and finger-joint
Two by 10 lumber was also included in this study and it location over the center 20 feet of the length. Knots
was obtained in somewhat similar fashion except that were measured using the weighted surface method.
the Douglas-fir lumber was selected in 2 days while the
southern pine was from 2 shipments. The lumber sample included southern pine graded ac-

cording to SPIB rules (7), coast region Douglas-fir
Modulus of elasticity was determined with an (WCLIB) (8), and interior North region Douglas-fir
E-computer. Knot data were also collected using the (WWPA) (9). The SL grades were used at the time by
weighted face method. WWPA for classification of structural laminations.

Grades SL1 through SL3 are roughly equivalent to Li
Source 8: OSU Beam Study 1969 with varying restrictions for rate of growth, SL4 and
Johnson, J. SL5 correspond to L2 and L2D, and SL6 is the same as
1969. Flexural tests of large glued-laminated beams L3.

made of nondestructively tested lumber. Oreg. State
Univ. Rep. T-26. Source 11: Compression Study

Moody, R. C.
Lumber for this study was in two species 1970. One- and two-ply compression study. Unpublished
groups-Douglas-fir and hem-fir, the latter group con- FPL report.
sisting of western hemlock and several species of fir.
All lumber was 2 by 6. This study includes four different grades of 2 x 6

material: two of coast region Douglas-fir (L2 and L3)
Modulus of elasticity values were determined using an and two of southern pine (No. 2MG and No. 3MG). The
E-computer and knots were measured within the center coast region Douglas-fir was obtained from Oregon or
20 feet on each 40-foot lamination after end jointing. Washington. The southern pine was purchased from a
The weighted face method was used to measure knot mill in Texas.
size.

Modulus of elasticity data for this material was
Source 9: FPL Southern Pine measured using an E-computer. No knot data were ob-
Moody, R. C. tained from this study.
1970. Tensile strength of finger joints in pith-associated

and non-pith-associated southern pine 2 by 6's. USDA Source 12: OSU Beam Study 1971
For. Serv. Res. Pap. FPL 138. For. Prod. Lab., Johnson, J. W.
Madison, Wis. 1971. Design and test of large glued-laminated beams

made of nondestructively tested lumber. Oreg. State
Southern pine 2 by 6 dimension lumber was selected to Univ. Rep. T-27.
meet or exceed the AITC 301-67 tension lam grade. The
sample consisted of 12-foot material, selected and The lumber used was in three species categories:
graded by personnel of the laminating . lant where it southern pine, Douglas-fir, and hem-fir. All 2 x 6 lumber,
was obtained. No special effort was made to represent which varied in length from 8 to 20 feet, was separated
any particular supplier or region. Modulus of elasticity into MOE classes using the E-computer plus visual
values were determined from load-deformation plots ob- restrictions. After end jointing into 40-foot laminations,
tained during tension testing. knots were mapped using the weighted surface method

over the center 20 feet of the outer four compression
Source 10: FPL Beam Study 1970 and outer four tension laminations of each beam. In ad-
Moody, R. C., and B. Bohannan. dition, knots were measured in all laminations for one
1970. Large glued-laminated beams with AITC 301A-69 beam out of each series of six.

grade tension laminations. USDA For. Serv. Res. Pap.
FPL 146. For. Prod. Lab., Madison, Wis. Source 13: OSU Beam Study 1973

Johnson, J. W.
Three species and groups of lumber are represented in 1973. Flexural tests of large glued-laminated beams
this study-coast region Douglas-fir, Interior North made from visually graded hem-fir lumber. Oreg.
region Douglas-fir, and southern pine. All material was State Univ. Rep. T-18.
2 by 6. The coast region Douglas-fir was obtained at a
laminating plant in the Portland, Oregon area. The in- The lumber Included 2 by 6 western hemlock and white
terior North region Douglas-fir was obtained from a fir graded as laminating stock according to WWPA (9)
laminating plant in the Billings, Mont. area. The and WCLIB (8) rules. Lengths varied from 12 to 16 feet.



It was purchased as 25 percent No. 3, 25 percent No. 2, After finger jointing the 2 by 6 lumber to 41-foot-long

and 50 percent No. 1 or better. The total sample was laminations, knot sizes and finger-joint locations were

collected from five mills in Washington, Oregon, and measured over the center half length. For all except the

California. tension laminations, the weighted surface knot
measurement method was used. The displacement

Modulus of Elasticity values were determined with an method was used for tension laminations.
E.computer, and knot data were not included.

Source 18: Koppers Southern Pine DataSource 14: Lodgepole Pine Knot Survey

These data collected by Koppers Company consist of
This was a limited sample comprising 1,150 lineal feet two visual grades (No. 1D and No. 2MG) of southern
of 2 by 6 L3 lodgepole pine lumber from the Bend, pine and one tension lamination grade (301.24) col-
Oregon area. Lumber lengths included 100 8-foot, 37 lected at one of their laminating plants. Knot size for
14-foot, and 10 16-foot pieces. Knot sizes were the 2 by 6 lumber was determined using the weighted
measured and recorded by AITC representatives using surface method, and no modulus of elasticity data were
the displacement technique. obtained.

Source 15: Eastern Spruce Knot Data
Source 19: Laminated-Veneer Tension Lamination Study

Knot data for three structural grades of 2 by 6 eastern Braun, M. D., and R. C. Moody.

spruce were collected by representatives of the Univer- 1977. Bending strength of small glulam beams with a

sity of Maine as part of a feasibility study of using laminated-veneer tension lamination. For Prod.

eastern spruce for glulam timber. The displacement J. 27(11):46-50.

technique was used to measure knot size and no
modulus of elasticity data were obtained. Douglas-fir 2 by 4 lumber, from Washington or Oregon,

comprised 3 laminating grades (WCLIB). The MOE and
weight of each piece was determined following finger

Source 16: FPL Beam Study 1974 jointing into 20-foot lengths using an E-computer. Knot
Moody, R. C. sizes were measured over the middle 10 feet of each
1974. Flexural strength of glued-laminated timber piece using the weighted face technique.

beams containing coarse-grain southern pine
lumber. USDA For. Serv. Res. Pap. FPL 222. For. Source 20: Weyerhaeuser Tension Study
Prod. Lab., Madison, Wis. Unpublished data on the tensile strength of one-, two-,

and three-lamination members of 2 by 6 Douglas-fir.
Material used in this study falls into three density/rate- and co n td meyer s o (197 a) .

of-growth classifications from the 1970 SPIB rules (7):

dense (D), medium grain (MG), and coarse grain (CG) or The test sample consisted of five grades of Douglas-fir,
open grain. Three SPIB visual grades (No. 1, No. 2, and including two AITC tension lamination grades, selected
No. 3) as well as 2 AITC tension lamination grades from laminating stock during 1969 and 1970. Material
(301-20 and 301-24) of 2 by 6 southern pine were obtain- was selected so that members could be fabricated from
ed from 11 different mills in Alabama, Arkansas, Loui- either minimum-quality stock in each grade or average-
siana, Mississippi, and Texas. One mill in Texas sup- quality stock. One series was selected for maximum
plied most of the No. 3CG material, strength-reducing features permitted while another

series was randomly selected from a large represen-

Specific gravity and MOE were obtained from tative population. All material was grade checked by a
measurements taken with an E-computer. After finger WWPA grader.
jointing, knots were measured within the center 20 feet
of each 40-foot-long lamination. The displacement As there appeared to be no significant difference bet-
method was used to. measure knots for tension lamina- we the MOeaes o e nd andine

tions and the weighted surface method was used forfor the random and low-line

the rest of the sample. series, they were combined for this report. Knot data
were not included for this study.

Source 17: FPL Beam Study 1974
Moody, R. C. Source 21: AITC Joists and Plank
1974. Design criteria for large structural glued-

laminated timber beams using mixed species of These data were collected as part of a preliminary

visually graded lumber. USDA For. Serv. Res. Pap. study by AITC to characterize lumber grades having

FPL 236. For. Prod. Lab., Madison, Wis. potential for use in the laminating industry in 1975.
AITC representatives measured knots using the

Coast region Douglas-fir from the Oregon-Washington displacement technique in 2 by 6 Douglas-fir in each of

area and lodgepole pine from the Bend, Oregon area 3 visual grades. The lumber was obtained from the

were used In this study. Specific gravity and MOE were Boise, Idaho area and consisted of joist and plank
determined from data obtained using an E-computer. grades (No. 1, No. 2, and No. 3) of Douglas-fir.
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Source 22: AITC Hem-fir Knot Data An E-computer was used to measure MOE and board
weight. This study did not consider knot size proper-

This knot survey was conducted by AITC personnel. ties.
The lumber sample was selected at one mill by a
WCLIB representative and consisted of samples (2 by 6 Source 26: MSR Hem-fir
by 16 feet) in each of 2 machine stress rated grades.
Knots were measured using the displacement techni- The lumber sample consisted of 4 grades of hem-fir
que. which was estimated to be about 2/3 western hemlock.

The material was from a single supplier in the
Source 23: FPLJAITC Knot Survey of Laminating Grades Willamette Valley of Oregon in 1977. A continuous
Moody, R. C. lumber tester (CLT.1) was used to classify the material
1976. A survey of knots in laminating grades of into MOE classes. It was then visually graded and

Douglas-fir and southern pine lumber. Unnumbered placed in machine stress-rated (MSR) grades by a
FPL report. WCLIB grader. Knots were measured over the full

length of each piece by AITC representatives using the
This study was conducted over a 3-1/2-year period ex- displacement method. Individual modulus of elasticity
tending from mid-1972 to 1976 in order to develop values were not determined.
representative knot data for laminating grades of
Douglas-fir and southern pine. All data were collected Source 27: FPL Beam Study 1977
by representatives of AITC, and the FPL provided broad Moody, R. C.
sampling guidelines and analyzed the data to deter- 1977. Improved utilization of lumber in glued laminated
mine knot-size distribution parameters. beams. USDA For. Serv. Res. Pap. FPL 292. For.

Both Douglas-fir and southern pine were included in Prod. Lab., Madison, Wis.

this study. The sampling plan included 5 grades of 2 by Several species of 2 by 4 dimension lumber are in-
6 lumber in each of these species. Douglas-fir grades cluded in this study. Visually graded Douglas-fir was
included LI, LIC, L2, L2D, and L3 as described by obtained from northern California. Visually graded hem-
WCLIB (8) and WWPA (9). Southern pine grades in- fir lumber was obtained from the Boise, Idaho area.
cluded No. 1D, No. 1, No. 2D, No. 2MG, and No. 3 as Mechanically stress-rated hem-fir and Douglas-fir were
described by SPIB grading rules (7). However, due to a obtained from western Oregon. Lodgepole pine lumber
lack of sufficient No. 3 southern pine material, this was obtained from eastern Oregon and Engelmann
grade was not included in the analysis. spruce lumber from Colorado. The southern pine
Material for each species was selected at laminating lumber was selected from material available at a com-
Matril For te Dougaspis w7ants e erprnted . mercial laminating plant and its source was not deter-
plants. For the Douglas-fir, 17 plants were represented. mined.
Nine plants were included in the southern pine survey.
For each grade, the total sample consisted of 200 For most grades, weight and MOE were determined
pieces collected during 40 sampling visits to the prior to finger jointing using an E-computer. However,
participating plants. the L3 and No. 3 Douglas-fir and No. 2MG southern

The knot sizes were measured using the displacement pine were evaluated in 20.3-foot-long finger-jointed
technique. laminations. The weighted face method was used tomeasure knot sizes.

Source 24: FPL/AITC Douglas-fir Joist and Plank
Grades Source 28: Vertically Laminated Beams

Wolfe, R. W., and R. C. Moody.
This study was conducted in 1976 to provide informa-
tion regarding the feasibility of substituting "Joists and 1979. Bending strength of vertically grued laminated
Planks" grades for laminating grades. The survey, con- beams of one to five plies. USDA For. Serv. Res. Pap.
ducted as a cooperative study between AITC and FPL, FPL 333. For. Prod. Lab., Madison, Wis.
evaluated the knot properties of four Joist and Plank
(J&P) grades of Douglas-fir. For each grade the sample Lumber used for this study consisted of one grade of
was made up of 50 pieces of 2 by 6 lumber from each southern pine (No. 2D) from Louisiana and two grades
of the 5 mills located in Washington, Oregon, and nor- of Douglas-fir (LI and L3) from Oregon. Only those
the California. The displacement method was used to pieces having characteristics, typical of their respective
measure knots. grades, within the middle half of their length, were in-

cluded. All lumber used was 12-foot long 2 by 6 dimen-
Source 25: AITC Project 77C sion. Weight and MOE were determined using an

E-computer and knots were measured using the
The sample included Li grade 2 by 6 Douglas-fir lumber displacement method.
ranging in length from 12 feet to 14 feet. The material
was selected from production at a sawmill in Oregon in Source 29: Shallow Beam Study I
1977. Marx, C. M., and R. C. Moody.
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1961. Bending strength of shallow glulam beams of a The samples of 2 by 6 lumber included southern pine
uniform grade. USDA For. Serv. Res. Pap. FPL 380. collected at a laminating plant in Arkansas on two dif.
For. Prod. Lab., Madison. Wis. ferent occasions, and Douglas-fir lumber from Oregon.

The length of the southern pine lumber varied from 8 to
Lumber for this study was collected and evaluated 16 feet while the Douglas-fir ranged from 12 to 21 feet.
along with the lumber used in source 28. However, for
this sample the length used was 14 feet rather than 12 Lumber grades included AITC's 302-24 tension lamina-
feet. tion (previously 301-24) for both species as well as No.

10, No. 2D, and No. 2MG grade southern pine and L1,
Source 30: Shallow Beam Study II Marx, C. M., and R. L2, L2D, and L3 grade Douglas-fir. For the tension
C. Moody lamination grades, efforts were made to select pieces
1961. Strength and stiffness of small glued-laminated of near-minimum quality.

beams with different qualities of tension laminations.
USDA For. Serv. Res. Pap. FPL 381. For. Prod. Lab., MOE values were determined using the E computer and
Madison, Wis. knot data are not included.
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APPENDIX II

Tabualtion of Knot and WOE Data data were determined using only a portion of the
pieces

This appendix presents a summary of knot and
modulus of elasticity data collected for seven species In tables 11-4 to 11-7. material is classitied by three sets
groups of lumber of potential value to the glulam in- of numbers The first number is the nominal MOE of
dustry. Tables I1-1 and 11-2 comprise the two major the grade. This is followed by a dasn and a nominal
species groups, Douglas fir and southern pine. Table bending stress for the grade A third number in paren
11-3 presents limited data on visual grades of eastern theses follows which denotes the maximum edge knot
spruce. Engelmann spruce. lodgepole pine, western size permitted in the grade. expressed as a traction of
hemlock, and hem-fir lumber. Tables 11-4 to 117. include the width
Douglas-fir, southern pine, hem-fir, and lodgepole pine
graded using MOE as one of the grading criL. ... Moisture content values were generally determined *0ttl

either a resistance or power loss type of moisture
In tables I1-1 and 11-2, sample sizes are given in terms of meter at several locations along the length of the
either number of pieces or lineal feet. Number of pieces pieces and averaged Specific gravity values are bases
refers to the sample size used to arrive at the knot on volume at time of test. and oven dry weight
data. Generally, when both values are given, the knot estimated from the moisture content

Table Il-I.-Modulus of elasticity and knot properties for visually graded Douglas-fir

Me~~~iiiuale 16uleic

Sample sin Material properties Maeure 12 Knot prpees K

Claalfli- Lineal Nominal Moisture Specific Teel Near
cation Source Pieces feel cros content ssrai metod Average COy' Average COy Average "

section

Pct 101IIui.' Pit t0" II.' Pet - - - FPe - -

LAMINATING GRADES{ Unknown 68 363 295
L1 7 380 580 2 x 6 8.0 0.47 E-compl 2.36 16.0 2121 17 4 4 8 33 1 28 3

7 150 450 2 x 10 8.2 .51 E-comp 2.27 156 2,13 171 44 268 223
10 300 2x6 45 264 219

SLI 10 300 2 x 6 74 292 218

17 181 600 2x6 11.0 .50 E-comp 2.23 159 219 169 60 382 322
Li 19 19 190 2 x 4 9.8 .50 E-comp 2-42 10.4 2.33 11 1 83 363 280

20 42 2 x 6 12 .49 Tension 2.22 15.1 214
23 2,910 2 x 6 64 38 7 323

LIC 23 2,870 2 x 6 74 398 324

25 254 2 x 6 11.7 .50 E-comp 2.34 14.4 2.33 154
27 134 450 2 x 4 12.0 .54 E-comp 2.33 20.1 2.34 212 43 350 307

Li 2 8 6,768 2 x 6 8.0 .49 E-comp 3 1 296 265
29 684 960 2 x 6 9.2 .50 E-comp 2.33 16.6 2.22 17.4 46 318 273

L30 151 2 x 6 12 .49 E-comp 2.27 14.5 2.26 159

1 Unknown 104 43.3 299
L2 7 351 800 2 x 6 6.4 .44 E-comp 2.00 15.8 1.84 17.0 85 426 341

7 97 360 2 x 10 6.6 .48 E-comp 1.98 14.4 1.82 15.5 7.8 399 321
10 400 2 x 6 9.2 450 358

SL5 10 600 2x6 127 468 341

(Page 1 of 31
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LAMATING GAAOE-600nh0ieu

11l 121 2 m6 114 46 E cam Igo 134 1 u
L-2 17 I 34 1700 2 a6 99 46 E'comp 193 163 1? 67 6 S4' 42S
mdsumn .20 42 2.6 12 49 Tenion 2 14 166 207

23 2.960 2.6 110 90.2 392
27 so U00 2.a4 101 40 Ecompf 202 I&6I6 19 17 54 60? 563
u3O 115 2.x6 10 43 Ecomp I1?y 120 17?3 13 1

I17 94 300 2 6 10 1 3 51 2 25 15-4 2 19 6 7 5 1 7 43

Ii9 36 30 2 x4 t.8 46 Ecomp 194 13.4 1 n 14.4 97 4658 391
L-2 423 2.180 2x6 9-5 do? 37 2
Don"e 27 133 460 2.x4 216 214 215 231 60 464 424

L30 73 2.a6 12 40 Ecmp 2.02 1368 2 02 146

1 Unknown 113 519 406
1 4 .30 2.x6 5.6 .43 E-comp 1.71 16.7 Ise 17.9 116 51 43-5

7 106 O60 2.a10 6.7 .47 Ecomnp 1.M 1&5 156 201 96 478 302
7000 2.x6 112 63,2 52,0

1 962.x6 12.1 4 1.00 14.2 1.63 14.9

193 go 95 i 10.2 .47 Exw 1.64 14.2 1 61 14? 9. 35 4.

23 290 26m 00 4.
27 237 2.400 2x4 M1e .51 Ecomp 2.02 18.6 2.01 16? 6.2 671 59

SLO 10 -* 00 2.x6 11,6 41.0 361
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391-36 as in 2.6 13 11 k-cme 241 1269 246 It$
300-34 30 19 2.x6 13 11 tvwW 219 14.0 214 11.3

C eA GAoM
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LAM ATING aA5

1 5.5 44.7 39.8
3 105 2x4 11.5 .53 Figt 1.6 19.0 1.70 -

UP 1.67 10.0 1.56 -
3 16 lXG 11.3 A53 FINt 1.70 16.0 1.l1 -

151$ 1.71 16.0 1.72 -
4 26 1.4 12.2 M5 Tension 1.73 23.0 1.74 23.3

Flst 1.71 21* 1.71 22.0
4 0 2.6 12.2 .53 Tension 1.77 16.0 1.76 19.1

Flat 1.70 16.0 1.71 17.1
4 As 2.x 11.2 .$1 Tension 1.56 20.3 1.57 21.0

w S0 Flst 1.09 19.6 1.60 10.7
5 16D 2.4 11.0 AM Fist 1*2 16. 1.62 18.
5 1IN 2.6 11.6 .54 Fiat 1.81 19.3 1.61 16*
7 441 an$2. 12.3 .57 E-o"m 1.8 16.7 1.54 17.5 &.5 50.4 414
7 in 270 21110 11.5 .4 o mp 1.63 18.5 1.6 16.1 6.5 30.5 33.1

10 2M 2.6 5.3 36. 30.7
is INS U an$ 11.1 .8S Esemp V?7 21.6 1.74 10.0 61.0 51.0
23 2.65 2x6 V. 52.0 43.0
u 512 k M6 2.6 11.3 AM4 Ecam 1.73 1&.4 1.72 16.3 5*S 52.0 46.0
al 119 M5 2.6 6 As 96 £oonq 1.75 16.0 1.65 1&0 3.3 S3. 44.
230 174 1.6 10.0 m5 E*sm 1.72 21.8 IS7 22.7

3 NO5 2x4 11.8 A51 FIst 1.56 18.0 1.56 -
Udp 1.54 19.0 1.5 -

3 IO 2x4 1". .90 Comp 1.5 22.0 1.5 -
3 105 a x 11.4 .51 Flof 1.6 1&.0 1.08 -

Me.2 -Up 1.M 17.0 1.65
3 6 so1x6 11.8 .1 camp# 163 23.0 1*1 -

3 165 2n$ 11.3 -5 Flat 1.00 1It0 1.65
Upl IM2 20. 1.4

3 46 2.x6 11.0 83 CAmp 1.5 3.0 1.53
L1 1 7 1. 6. 02 .49 Scamp 111 10.2 2.650
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LAMATING GRAOIS-oontWnusd

2220Z 2x6 13.1 .46 EcooM 1* 15.2 IA? 1I" 10" 5.5 44.
1 5 ,52 2 x 10 12.3 .51 E-com 1.44 16.5 1.4 10. U. &9. 34.

*0 1240 .52 lo.3 1.8 0as.0 .
1,4006 2x6 6.2 4..2 36.0 10 ID

NoSM 6 0 0 x 10.1 .49 Ecomp 1.50 16.6 1.4 0.3 ILO0 45.7
Is4,10 2X4 0.0 1"5 47.5

2,60 2S6 .ON 2xm .0 1.1 13 074 10.4 .41 loomp 1.53 17.0 1.40 5.6 67.7 4&.1

NoC 16l 463 2400 2x6 9A3 .46 E-comp 1.11 22.0 1.07 - 0.7 17.8 46.1

3 100 2.x4 12.3 .52 FPst 1.43 20. 1.44 -
Upg 1.40 23. 1.41 -

3 100 2X4 11.6 .92 Coupo 1.4 25. 1.40 -

No. 3 3 100 2.6 12.1 .40 FloA 1.17 25.0 1.17 -
Eup 1.2 25.01.2 -

3 50 2x3 10.7 .53 Coup 1.4 21.0 1.42 -
I as 2 x6 12.3 .51 E-o"m 1.46 23.3 1.40 25.0

L4 n6 2x4 11.0 .51 FI. 1.54 25. 1.54 21.
Tension 1.4 16.1 1.40 16.3

N.3j 4 40 2. x 12.4 .5 Flat 1.1 28M 1.06 23.0
Tensfon 1.51 27.6 1.53 27A

11 13 2.6 .40 14omp 1.5 20.0 1.71 20.

No. 3CO 16 435 2.400 2.6 9.6 .4 E-comp 1.23 10.2 1.13 - I0" S.1 5.3

(Pep 30of1A



Taft §&8-Nben et mide~ aabW pgasOW dWM* ~ euSON~ Msb-GM

ii

_ _ _ _ _ _ _ _m ~m _ _ _ _
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301 7 t 126 2.6 11. .1 Ten o 1.8 10.2 1.8 11.8 7.0 4.1 3.1301 S 6 2 6 12.6 .56 T~enon 119 11.2 20 10.3

30.P 6 30 2.6 12.1 .51 Ten o 1.74 16.1 1.74 14.4
201, 4. I 41 2.6 12.1 .55 Tension 2.17 161.3 2.16 16.8

7 14 2.6 12.14 .55 TenI 2.14 12.2 2.15 12.3
SlM 16 2 x 10 10.73 .13 Tenlo 2.16 10.7 2.17 12.0

301-20 16 25 200 2.6 i 11.0 .51 Tenslon 1.760 23.4 1.75 24.2 6.3 49.1 42.8

16 27 20 2.z6 11.6 .55 Ten o 2.11 16.5 2.15 19.6 4.2 30. 26.42014 10 U0 2o 2.3 3.1 26.6
30 27 6 2.6 10 .14 Toosi 1.55 16.4 1.93 17.1

'CO - Coefftc2ent95 ovanion 11d d1i di2e b e a
'h h ifrnsbtennetialu n vrg u of knot elsie. (Pge40of 4)
3-p41 mput. Plil 3 n Edge 1fr to eets bening tet endcomp u 1ompree teat.

TateD I1-.-Me~dh at elsetlely aNI bmet p~peleeII fr et e1liN at uleselly gaded Ihelr

7 emte Is m21 . 53 Tension 2.1 10. 2. 1

nme-r

Pee t1Pil' Pea10 Wire' Pet -- -- Pet -- -

ENGELMANN SPRUJCE
3211 7 163 300 2 x 4 11.4 0.40 Teomp 1.20 14.9 1.21 15.4 16.0 61.4 42.4

Is 27 342 214 10.3 .30 Enson 1.22 17.0 1.19 17.6

3I 15 2400 2.6 6.2 40.2 32.0

30 1 2 7 6 2x6 13.9 47.4 33.5

I 16 2.866 2.6 15.3 53. 37.7

LOOGEPOLE PINE
U,, 14 1,160 2. 23 .0 76. 556
U 17 604 5,000 2.6 10.3 .4 Ecmp 1.11 23.1 '1.0 - 30. 63.562.9

NEM-Irn
LI 13 30 2.6 l 0 IEdoomp 1.96 16.3 1.4 -

LI 27 14 2.x4 10.0 .30 loom 1.55 14.0 1.30 14.0
LI
bsee 1 U 160 2.x4 10.2 .30 loom 1.64 12.0 1.86 12. 11.2 4.3 3.1

hv =ft dffiemn kwe nea menum nd verae on ofkno sima. Page 4 f 4
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L2 13 60 1.000 2x6 E-ooMp 1.74 17.4 1.62 -
L2 27 61 480 2 x4 S.0 .36 Ecome 1.27 14.6 1.21 15.4 11.1 61.4 50.3

L3 13 140 1.300 2xG E-comp 1.72 19.6 1.63 -

UI 27 273 1,800 2x4 6.0 .39 Ecoomp 1.20 148 1.15 15.1 13.0 $?.1 54.1

CANADIAN WESTERN NEMLOCK

A 2 542 2 x6 2.3 16.5 14.2
A 2 612 2x 10 2.1 11.0 6.9

a 2 663 2 x6 6. 1 22.0 24.0
a* M 2 x10 6.2 26A6 20.4

C 2 IS 2 x6 10.4 46.2 37*
C 2 647 2 x10 6.6 38.2 36.6

D 2 547 2 x6 13.0 00.6 47.9
Do 671 2 x10 10.1 44.6 34.4

COY coefficient of variation (standard deviation di~de by the men).
hv the difference between near maximuwm and average sum of knot sizes.

E-COMP - E-conpuler.
Ad~isted MOE based on averge MC rather than individual values.

(Page 2 of 2)



TW 4-W psaGMi fo somi -54v ssmsf

210411

--- ---- Peg-----------

I.4 - 41121 6 +12 1"30 2xMB 12.4 U6.4 47.1

IA - No 04%6 + 12 640 2 x6 14.2 626 46.3

2A0- MOM12 64+12 12 2x6 10.0 45.6 35.7

.4 -6 (12 so WO 1 12 W4 2XII 10.1 51.4 41.4
27 302 x4 0.1 666 Kill

is6-1605(14 A6+12 240 2xG 17.0 60.6 43.9

14 Ati - 160(IM4 8+12 1.120 2xG 4.3 30.0 26.6

1.6-110000 4+12 240 2xG 7.0 46.4 36.4

to0-24IM5(li*G ,12 460 2x6 L.6 42.7 34.2
27 300 2 z4 U4 45.0 36.

22- 2700(1*0 6+12 460 2 xB 5.2 37.6 32.6
27 300 2x4 6.3 42.8 38.5

214- 3W00(1*0 6+12 240 2xB 4.2 30.0 25.8

2.6- 3300 (1* 6412 +Q0 2 xB 4.3 31.1 26.6

I,, WeM differenc between nser maximum and averae Sum of knot sais.

Tb WL6-Nest psds op Eoreosi guSO seuuuom pins

Co 'o-Mso"s0MSaS Aversge kl* Ii,

1.2 - 00(1M) 12 320 2x8 11.1 69.6 56.7

1.6 - goo0(112 12 460 2MxB 10.4 75.3 64.0
27 300 2 x4 9.4 56.6 40.1

2.0- goo0(1/2 12 240 2MxB 9.4 74.6 65.1

2.2 - 900 (1M2 12 240 2x6 7.1 56.4 51.3

1.8 - 2100 (118) 27 300 2Mx4 5.6 47.3 41.5

1.8- 2200(1/) 12 460 2m x6 .9 67.6 56.7

2.0- 2400(118) 27 300 2 x4 2.4 21.6 10.4

2.0- 250(11M) 12 240 2MxB 3.6 36.4 32.6

2.2 - 2800 (116 12 240 2 x 3.5 40.9 V7.4

hv the difference between nlear maximum and average sum of knot SIMe.



Tab *&-K"e pfsep ete 1 led grede 40 beat-*

urn

min KOM P"mOteW

Lb"S rnwS earmu

-" P----------

1.3 - 900(12) 6 + 12 320 2x6 11.6 64.0 43.3

1.5 - 00 (12) 6 + 12 240 2 x 6 6.7 41.3 34.6
26 100 1,6 2 x 6 4.8 6.2 39.4

1.6 - 00(12) 8 + 12 1,200 2x6 4.7 34.2 20.5
26 100 1,440 2xg 6.0 62.6 52.7
27 300 2 x 4 6.0 42.7 36.7

1.4 - 100 (114) 6 + 12 1,660 2 x 6 7.6 40.6 41.7

1.5 - 1160(114) 6 100 1,120 2 x 6 5.5 36.6 31.1

1.5 - 100 (104) 6 + 12 240 2 x 6 2.6 32.2 26.6

1.6 - 100(114) 6 + 12 240 2 x 6 7.2 36.6 20.7

1.6 - lo (114) 6+ 12 460 2 x 6 4.4 36.7 32.3

1.6 - 2100 (116) 6 + 12 1,20 2 x e 3.7 31.1 27.5
22 31 46 2 x e 6.7 334 2a.?
26 100 1,440 2 x e 6.0 42.7 36.7
27 150 2x4 5.6 41.0 36.4

2.0 -00(12) 6 + 12 1,200 2 x 6 4.7 34.2 n.5

2.0- 24W (1/6) 6 + 12 1,420 2 x 6 3.2 26.4 26.2
22 31 6 2 x 6 5.2 30.6 25.4
27 110 2 x 4 5.4 20.3 23.9

hv  the difference beWeen ne maximum and average sum of knot sizes.

Tw WT..-Ome p up ,h Iet Sqiei rades of Ieigpele pime

some fat e Averag eeel
mie

1.3 - 00 (1 I + 12 240 2 x 6 16.0 57.6 41.8

1.5 - (00(1) 6Om+ 460 2xG 14.8 56.6 41.6
2 300 2x4 17.6 71.4 54.1

1.7 - 00 (I 6 + 12 240 2i6 14.5 63.6 46.1

1.3 - 14M (14) + 12 240 2x6 16.1 00.4 42.2

1.5 - 1N(1 6 + 12 40 2 x 6 13.3 51.3 38.0

1.5 - 1 (113) 2 10 2 x 4 11.1 47.1 35.3

1.7 - 2090 JI) 6 + 12 2 2mx 0.6 53.3 43.4

1. -2100(111 2? 10 2 x 4 11.4 45.? 34.3

2 2-O L the iMfere. btwee n om and average swm of kn esOe.
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